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We study the finite temperature transition of SU(2)-Higgs model with lattice Monte Carlo techniques. We use 
dimensional reduction to transform the original 4-dimensional SU(2)-gauge + fundamental Higgs theory to an 
effective 3-dimensional SU(2) + adjoint Higgs + fundamental Higgs model. The simulations were performed with 
Higgs masses of 35 and 80 GeV; in both cases we observe a stronger first order transition than the perturbation 
theory predicts, indicating that the dynamics of the transition strongly depend on non-perturbative effects. 



1. Introduction 

Recently proposed scenarios of the electroweak 
baryogenesis [1] are strongly dependent on the 
first order nature of the electroweak phase tran- 
sition. Perturbative calculations indicate that for 
moderate Higgs boson masses the transition is 
of first order, albeit rather weakly; however, re- 
cent two-loop effective potential calculations give 
somewhat stronger first order transition [2]. In 
order to study non-perturbative effects lattice 
simulations are needed. Because the transition 
is expected to be rather weak, the Higgs mass 
at the transition temperature T c is much smaller 
than T c , requiring very large lattices in order to 
avoid too severe finite size effects. 

In this work we use dimensional reduction 
to reduce the 4-dimensional theory into a 3- 
dimensional effective action, with perturbatively 
calculable coefficients. This 3-d action is then 
studied with non-perturbative lattice simulations. 
This approach has some major advantages over 
the conventional 4-dimensional simulation: first, 
the 3-dimensional lattice obviously has consid- 
erably less variables than the 4-dimensional one 
with the same spatial volume, making it possible 
to simulate larger volumes. Also, all the time- 
like non-constant modes are treated analytically; 



these modes account for Debye screening, which is 
perturbatively rather well described at high tem- 
peratures. By excluding these modes from nu- 
merical simulation one can expect some reduction 
in the ultraviolet noise. On the other hand, the 
3-dimensional non-perturbative physics remains 
intact. 

We report numerical studies performed with 
two zero-temperature Higgs masses: m# = 35 
and 80 GeV, with three different lattice spacings 
on lattices up to 32 3 . Although unrealistically 
low, rriH = 35GeV produces a stronger first or- 
der transition than 80GeV, making it easier to 
identify the transition. These calculations are de- 
scribed in detail elsewhere [3,4]. There also exists 
a full 4-dimensional lattice calculation by Bunk 
et al. [5]. The dimensional reduction of the high- 
temperature SU(2) and SU(3) lattice gauge the- 
ories has been studied by Lacock et al. [6]. 

2. Effective Action 

We start from the 4d SU(2) gauge + fermion + 
fundamental Higgs model and transform it into a 
3d SU(2) gauge + fundamental Higgs + adjoint 
Higgs effective theory, the adjoint Higgs arising 
from the timelike component of the gauge field 
Ao. Suppressing all indices, the effective action 
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is, up to 1-loop corrections, 
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Note that the fermionic fields vanish completely; 
4d fermions act only by renormalizing the 3d cou- 
plings. Here S c is the cutoff-dependent linearly 
divergent integral 
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We fix the parameters of the effective action by 
taking g = 2mw (V^Gf) -1 ^ 2 = 2/3 and mw = 
80.6GeV; then X/g 2 = m 2 H /(%m' w ). In the fol- 
lowing, we also take Np = 0. 

We use the notations A = iA^a" 1 , $ = (</> + 
i&i<i > i)l\f 7 2, and reparametrize 
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Using the shorthand notation A 2 
iTr$^$, the action becomes 
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where TV is the linear length of the lattice, and 
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where the term with all n 8 - = is omitted. The 
relations between g, T and A and the lattice cou- 
plings (3q, /3h, Pr and the lattice spacing a are 
given by 
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where H 2 {T) is the coefficient of the <^t<^-term in 
the action eq. (1), with the replacement S c — ► 
S(7V 3 )/a. Since there are only 3 continuum pa- 
rameters, the eqs. (6) define 1-dimensional curves 
of constant physics in the 4-dimensional lattice 
parameter space. 

3. Simulations and Results 

For concreteness, we fixed g = 2/3 and mw = 
80.6 GeV in all our simulations. As mentioned 
in the introduction, we investigated two Higgs 
masses, m# = 35 and 80 GeV; the former is phys- 
ically unrealistic but it gives a stronger first-order 
transition. To study the scaling, we used three 
different gauge couplings: Pa = 12, 20 and 32, 
corresponding to lattice spacings aT = 4/ ' g 2 Pa = 
0.75, 0.45 and 0.28125. The lattice volumes var- 
ied from 8 3 up to 32 3 . For each lattice, we did 
several runs with different values of Pr until the 
transition point was found. This was then con- 
verted into a physical T c with eqs. (6). 

One loop perturbation theory predicts that the 
transition with the above Higgs masses is only 
very weakly first order. In fact, using the 1-loop 
lattice effective potential with Pa = 20, we ob- 
serve that the double-well structure essential for 
a first-order transition only appears when the lin- 
ear dimension N of the lattice is at least N > 29 
when rriH = 35 GeV, and N > 160 when m# = 
80 GeV. In fig. 1 we present the distribution of the 
link variable L = -^3^2 X i V^(x)U(x)V(x + i), 
$ = RV, R > 0, when p G = 20 and m H = 35. 
The two-peak structure characteristic for a first- 
order transition is obvious. As expected, when 
rriH = 80 GeV the two-peak structure is much 
less clear (fig. 2), but still visible. 
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Figure 1. The distribution of the order parameter 
L when m# = 35 GeV for 8 3 and 20 3 lattices for 
various /3#-values. 



Table 1 

The critical temperatures from the simulations 
and from 1-loop effective potential. 
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In table 1 we present the measurements of the 
critical temperature, together with the 1-loop ef- 
fective potential results. As we can see, the mea- 
sured T c is lower than the perturbative T c , and 
also that it is fairly independent of the lattice 
spacing a. 

To conclude with, we have described a method 
for reducing the 4d SU(2)-Higgs theory into a 3d 
effective theory with perturbatively calculable co- 
efficients. This theory can be studied with lattice 
methods. We have presented results from lattice 
simulations with m# = 35 and 80 GeV, and we 
observe that: a) the first-order nature is stronger 
and b) the transition temperature is lower than 
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Figure 2. The same as fig. 1 for m# = 80 GeV 
and 32 3 lattice. 



predicted by the 1-loop effective potential analy- 
sis, making the EW baryogenesis viable for m# 
up to 85 GeV. These calculations are discussed in 
detail in [3], and at 2-loop level in [4]. 
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